Phytomonospora endophytica gen. nov., sp. nov., isolated from the roots of Artemisia annua L. 28 6C) and at pH 6.0-9.0 (optimum pH 7.0). The organism formed well-developed, branched substrate mycelia, but aerial mycelium was not produced. Phenotypic characterization and 16S rRNA gene sequence analysis indicated that strain YIM 65646 T belonged to the family Micromonosporaceae (sharing ¡93.6 % sequence similarity with members of this family) and formed a distinct clade in the Micromonosporaceae phylogenetic tree. The strain contained meso-diaminopimelic acid in the cell wall and mannose, ribose, galactose and glucose in whole-cell hydrolysates. The major menaquinones were MK-10(H 4 ), MK-10(H 2 ), MK-8(H 2 ), MK-9(H 2 ) and MK-10(H 6 ). The major fatty acids were iso-C 15 : 0 , anteiso-C 15 : 0 , anteiso-C 17 : 0 , iso-C 17 : 0 and iso-C 16 : 0 . The DNA G+C content of strain YIM 65646 T was 70.0 mol%. On the basis of morphological and chemotaxonomic properties and phylogenetic analysis based on 16S rRNA gene sequence data, it is proposed that this strain should be classified in a novel genus and species, Phytomonospora endophytica gen. nov., sp. nov., in the family Micromonosporaceae. The type strain is YIM 65646 T (5CCTCC AA 209041
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The family Micromonosporaceae was described by Krasil'nikov (1938) and since then the description of the family has been revised repeatedly (Goodfellow et al., 1990; Koch et al., 1996; Stackebrandt et al., 1997; Zhi et al., 2009) on the basis of chemotaxonomic data and 16S rRNA gene sequence analysis. The family is phylogenetically distinct, but encompasses a chemotaxonomically and morphologically diverse group of filamentous organisms. At the time of writing, the family Micromonosporaceae comprises 27 genera with validly published names, each genus having distinctive morphological and/or chemotaxonomic characteristics. Strains of this family have been isolated from various environmental samples, such as soils, sands, volcanic ash and plant samples (Qin et al., 2009; Inahashi et al., 2010; Xie et al., 2011) .
During our investigations of the diversity and taxonomy of actinomycetes associated with the medicinal plants from Yunnan Province, south-west China, strain YIM 65646 T was isolated from the roots of healthy Artemisia annua L. Morphological and chemotaxonomic properties of strain YIM 65646 T indicated that it belongs to the family Micromonosporaceae. Phylogenetic analysis based on 16S rRNA gene sequence data showed that strain YIM 65646 T formed a separate lineage within the family Micromonosporaceae. Therefore, we propose that strain YIM 65646 T should be classified in a novel genus and species, Phytomonospora endophytica gen. nov., sp. nov. an established procedure (Li et al., 2008) . After being surface-sterilized, the root samples were sliced into pieces, followed by plating on sodium propionate-asparagineplant extract agar plates (Li et al., 2011) ) to repress growth of bacteria and fungi. Plates were incubated at 28 u C for 4-6 weeks until the outgrowth of endophytic actinomycetes was discerned. Colonies originating from root segments were selected and pure cultures were obtained by repeated streaking on TWYE (0.25 g yeast extract, 0.5 g K 2 HPO 4 and 18 g agar per litre tap water, pH 7.2) plates. The purified strain YIM 65646 T was maintained on tryptic soy agar (TSA; 1.5 % trypticase peptone, 0.5 % soy peptone, 0.5 % NaCl, 1.5 % agar) slants at 4 u C and as 20 % (v/v) glycerol suspensions at 280 uC.
Gram staining was carried out by using the standard Gram reaction (Gram, 1884) and cell motility was confirmed by the development of turbidity throughout a tube containing semisolid medium (Leifson, 1960) . The morphological characteristics of strain YIM 65646 T were assessed by light and scanning electron microscopy of 30-45-day-old cultures on yeast extract-malt extract agar (ISP 2; Shirling & Gottlieb, 1966) media. Cultural characteristics of strain YIM 65646
T were recorded on ISP (International Streptomyces Project) media (Shirling & Gottlieb, 1966 ), Czapek's agar, potato-glucose agar and nutrient agar prepared as described by Dong & Cai (2001) . Colours were determined by using colour chips from the ISCC-NBS colour charts (standard samples, no. 2106) (Kelly, 1964) . Growth at different temperatures (4, 10, 20, 28, 37, 40, 42, 45, 50 and 55 u C) was tested on TSA plates by incubating the cultures for 35 days. The pH range for growth (pH 4, 5, 6, 7, 8, 9 and 10, using the buffer system described by Xu et al., 2005) , and NaCl tolerance (0, 1, 3, 5, 7, 10, 15 and 20 %, w/v) were tested at 28 u C for 28-35 days by culturing the strains in tryptic soy broth (TSB; BD). Catalase, oxidase and gelatinase activities, starch hydrolysis, nitrate reduction and urease were assessed as described by Smibert & Krieg (1994) . Media and procedures used for the determination of other physiological characteristics, carbon source utilization and acid production from carbohydrates were those described by Gordon et al. (1974) .
Strain YIM 65646
T was an aerobic, non-motile, Gramstain-positive actinomycete that formed well-developed substrate mycelia, but no aerial mycelium. The novel isolate showed moderate to good growth on yeast extractmalt extract agar (ISP 2), oatmeal agar (ISP 3), potatoglucose agar and nutrient agar, very poor growth on inorganic salts-starch agar (ISP 4) and no growth on Czapek's agar and glycerol-asparagine agar (ISP 5). The colour of colonies on different media was light yellow (ISP 2 and nutrient agar), orange-yellow (ISP 3), white-yellow (ISP 4) and yellowish brown (potato-glucose agar). Aerial mycelia were absent on these media tested. Soluble pigment was not produced in any of the media tested. A scanning electron micrograph of a 30-day-old culture of strain YIM
65646
T grown on ISP 2 agar is shown in Supplementary  Fig. S1 (available in IJSEM Online). The substrate mycelium was extensively branched with non-fragmenting hyphae. Single, non-motile, spherical spores (1.0-1.5 mm) were observed; the spore surface was smooth. The strain utilized L-arabinose and lactose as sole carbon sources. LAlanine, L-arginine, L-asparagine, glycine, hydroxy-L-proline, L-lysine, L-phenylalanine, L-serine, L-tyrosine and L-valine can be used as sole nitrogen sources. Strain YIM 65646
T grew well at 10-40 u C (optimum 20-28 u C) and pH 6.0-9.0 (optimum pH 7.0). The NaCl tolerance range was up to 5 % (w/v). Other physiological and biochemical characteristics are presented in the species description and in Supplementary Table S1 .
The freeze-dried cells used for chemotaxonomic analyses were obtained from cultures grown in TSB on a rotary shaker at 28 u C for 1 week. Determination of the isomer of diaminopimelic acid and the sugars of the whole-cell hydrolysates was performed according to the procedures described by Lechevalier & Lechevalier (1970) , Hasegawa et al. (1983) and Tang et al. (2009) . Polar lipids were extracted, examined by two-dimensional TLC and identified using previously described procedures (Minnikin et al., 1979; Collins & Jones, 1980) . Menaquinones were isolated according to Collins et al. (1977) and separated by HPLC (Tamaoka et al., 1983) . Mycolic acids were extracted and analysed by one-dimensional TLC as described by Minnikin et al. (1980) . For fatty acid analysis, cell mass of strain YIM 65646 T was obtained from TSB medium after cultivation for 7 days at 28 u C (150 r.p.m.). Cellular fatty acids were extracted, methylated and analysed by using the Sherlock Microbial Identification System (MIDI) according to the manufacturer's instructions. The fatty acid methyl esters were then analysed by using the Microbial Identification software package (Sherlock Version 4.0; MIDI database: TSBA40). The G+C content of the genomic DNA was determined by using the HPLC method (Mesbah et al., 1989) .
The novel isolate contained meso-diaminopimelic acid as the diagnostic diamino acid in the cell wall and the whole cell sugars detected were mannose, ribose, galactose and glucose. The major menaquinones were MK-10(H 4 ) (35.7 %), MK-10(H 2 ) (19.0 %), MK-8(H 2 ) (18.4 %), MK-9(H 2 ) (16.4 %) and MK-10(H 6 ) (10.5 %). Mycolic acids were not detected. The polar lipids detected were diphosphatidylglycerol, phosphatidylmethylethanolamine, phosphatidylcholine, phosphatidylethanolamine, phosphatidylinositol, phosphatidylglycerol and an unknown glycolipid ( Supplementary Fig. S2 ), corresponding to phospholipid type PIII of Lechevalier et al. (1977) . The fatty acid profile of strain YIM 65646 T comprised iso-C 15 : 0 (32.48 %), anteiso-C 15 : 0 (24.71 %), anteiso-C 17 : 0 (19.58 %), iso-C 17 : 0 (6.55 %), iso-C 16 : 0 (4.72 %), iso-C 13 : 0 (4.08 %), C 16 : 0 (3.21 %), iso-C 14 : 0 (2.62 %), C 14 : 0 (0.82 %), anteiso-C 13 : 0 (0.59 %), C 16 : 1 v7c/ iso-C 15 : 0 2-OH (0.33 %) and iso-C 12 : 0 (0.31 %), indicating fatty acid type 2d of Kroppenstedt (1985) . The G+C content of the genomic DNA of strain YIM 65646 T was 70.0 mol%. These chemotaxonomic characteristics, in particular the cell-wall type, the absence of mycolic acids and the phospholipid type, suggested that strain YIM 65646
T was a member of the family Micromonosporaceae.
Extraction of genomic DNA, PCR amplification and sequencing of the 16S rRNA gene were performed as described by Li et al. (2007) . The 16S rRNA gene sequence of strain YIM 65646
T was compared against a database of cultured species via BLAST analysis (http://blast.ncbi.nlm. nih.gov/Blast.cgi), the 16S rRNA gene sequence database at DDBJ (http://blast.ddbj.nig.ac.jp/top-e.html) and the EzTaxon database (http://www.eztaxon.org; Chun et al., 2007) of type strains in order to retrieve the most similar sequences of recognized bacteria. Multiple alignments with sequences of the most closely related actinobacteria and calculations of levels of sequence similarity were carried out by using CLUSTAL X (Thompson et al., 1997) . Phylogenetic trees were reconstructed using the neighbour-joining (Saitou & Nei, 1987) and maximum-parsimony (Fitch, 1971) tree-making algorithms from MEGA version 4.0 (Tamura et al., 2007) . The PHYLIP version 3.6 software package was used to reconstruct the maximum-likelihood (Felsenstein, 1981) tree. Topologies of the phylogenetic trees were evaluated by using the bootstrap resampling method of Felsenstein (1985) with 1000 replicates.
The almost-complete 16S rRNA gene sequence (1511 bp) of strain YIM 65646 T was used for phylogenetic analysis together with those of members of the family Micromonosporaceae. Phylogenetic analysis based on this dataset revealed that isolate YIM 65646 T belongs to the family Micromonosporaceae. Similarity values of 16S rRNA genes between strain YIM 65646 T and type species of all genera belonging to the family Micromonosporaceae were less than 93.6 %. Phylogenetic analysis showed that strain YIM 65646 T belonged to a separate cluster within the family Micromonosporaceae and formed a distinct clade that was different from each of the 27 recognized genera in this family. This finding was supported by a bootstrap value of 73 % obtained in the neighbour-joining analysis (Fig. 1) and was also found in trees obtained by the maximumparsimony and maximum-likelihood algorithms (Supplementary Figs S3 and S4).
Although strain YIM 65646
T is a member of the family Micromonosporaceae, it is clearly different from established genera of this family. Firstly, strain YIM 65646 T was not affiliated with any other recognized genera of the family Micromonosporaceae based on the distinctness of its 16S rRNA gene sequence and phylogenetic position. Strain YIM 65646 T makes distinctive spores that are borne directly on the vegetative hyphae that grow on the surface of agar media and does not produce true aerial mycelium. Among the described genera, Micromonospora, Salinispora, Verrucosispora, Plantactinospora and Allocatelliglobosispora (spores borne singly or in clusters), Rugosimonospora, Actinaurispora and Jishengella form single spores (formed also by Planosporangium, which in addition forms sporangia), while the remaining genera either form sporangia (Actinoplanes, Dactylosporangium, Pilimelia, Virgisporangium and Luedemannella) or spore chains (Catellatospora, Catenuloplanes, Couchioplanes, Spirilliplanes, Longispora, Asanoa, Actinocatenispora, Polymorphospora, Catelliglobosispora, Hamadaea and Phytohabitans), with Krasilnikovia and Pseudosporangium forming false sporangia. Furthermore, strain YIM 65646 T is clearly distinguished from the genera Micromonospora, Salinispora, Verrucosispora, Allocatelliglobosispora, Plantactinospora, Rugosimonospora, Actinaurispora and Jishengella by the predominant menaquinones, the characteristic whole-cell sugars, the fatty acid profile and the polar lipid profile (Table 1) .
As shown by the low 16S rRNA gene sequence similarity with members of related genera, the independent lineage in the phylogenetic trees (Fig. 1, Supplementary Figs S3 and S4 ) and several differential biochemical and chemotaxonomic characteristics (Table 1) , strain YIM 65646 T could not be assigned to any of the known genera in the family Micromonosporaceae. Therefore, on the basis of the data presented, strain YIM 65646 T should be classified as a member of a novel genus and species, for which the name Phytomonospora endophytica gen. nov., sp. nov. is proposed.
Description of Phytomonospora gen. nov. Phytomonospora (Phy.to.mo.no.spo9ra. Gr. n. phyton a plant; Gr. adj. monos single, solitary; Gr. fem. n. spora, a seed, and in biology a spore; N.L. fem. n. Phytomonospora, pertaining to a spore-forming actinomycete originally isolated from plant tissues).
An aerobic and Gram-positive actinomycete that forms extensively branched substrate mycelium, which carries smooth-surfaced spores borne singly. Spores are non-motile. Aerial mycelium is not produced. The cell wall contains mesodiaminopimelic acid as the diamino acid. Mannose, ribose, galactose and glucose are detected as whole-cell sugars. The polar lipids are diphosphatidylglycerol, phosphatidylmethylethanolamine, phosphatidylcholine, phosphatidylethanolamine, phosphatidylinositol, phosphatidylglycerol and an unknown glycolipid. The major menaquinones are MK-10(H 4 ), MK-10(H 2 ), MK-8(H 2 ), MK-9(H 2 ) and MK-10(H 6 ). The major cellular fatty acids are iso-C 15 : 0 , anteiso-C 15 : 0 , anteiso-C 17 : 0 , iso-C 17 : 0 and iso-C 16 : 0 . The DNA G+C content of the type species is 70.0 mol%. The type species is Phytomonospora endophytica.
Description of Phytomonospora endophytica sp. nov.
Phytomonospora endophytica (en.do.phy9ti.ca. Gr. pref. endo-within; Gr. n. phyton plant; L. fem. suff. -ica adjectival suffix used with the sense of belonging to; N.L. fem. adj. endophytica within plant, endophytic).
In addition to the morphological, chemotaxonomic and general characteristics described for the genus, colonies of the type strain develop well on ISP 2, ISP 3, potato-glucose agar and nutrient agar media. Poor growth occurs on ISP 4 agar and no growth occurs on Czapek's agar or ISP 5 agar. Soluble pigment is not produced on tested media. The colour of colonies is light yellow to yellowish brown on the tested media. Growth occurs at 10-40 u C and pH 6.0-9.0. The NaCl tolerance range is up to 5 % (w/v). Optimal temperature and pH for growth are 20-28 u C and pH 7.0, respectively. Positive for catalase and urease. Negative for oxidase, gelatin liquefaction, milk coagulation, milk peptonization, H 2 S production, cellulose and starch hydrolysis and nitrate reduction. On: Sun, 13 Jan 2019 07:03:22 Data for reference genera were taken from Ørskov (1923) , Couch (1950) , Kane (1966) , Thiemann et al. (1967) , Asano & Kawamoto (1986) , Yokota et al. (1993) , Rheims et al. (1998) , Kudo et al. (1999) , Tamura et al. (1994 Tamura et al. ( , 1997 Tamura et al. ( , 2001 Tamura et al. ( , 2006 , Lee & Hah (2002) , Matsumoto et al. (2003) , Thawai et al. (2006 Thawai et al. ( , 2010 , Ara & Kudo (2006 , 2007a , Wiese et al. (2008) , Ara et al. (2008a, b) , Monciardini et al. (2009 ), Qin et al. (2009 ), Inahashi et al. (2010 , and Xie et al. (2011) . Fatty acid type is according to the classification of Kroppenstedt (1985) . Phospholipid type is according to the classification of Lechevalier et al. (1977) . +, Present; 2, absent; ND, no data available. *meso-DAP, meso-Diaminopimelic acid; L-Lys, L-lysine; 3-OH-DAP, 3-hydroxydiaminopimelic acid. DAra, Arabinose; Gal, galactose; Glu, glucose; Man, mannose; Rha, rhamnose; Rib, ribose; Xyl, xylose. d+/2, according to the description of Wiese et al. (2008) , strain YIM 46034 T (the type strain of the genus Planosporangium) forms two types of spores, namely motile spores, which are formed in sporangia produced on substrate mycelia, and single non-motile globose spores, which are observed on short sporophores of the substrate mycelia. Phytomonospora endophytica gen. nov., sp. nov.
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